[T 3 e
S 3 : et u oy Y )

ADAO98912

~IM6 FILE copy

VL

OFFICE OF NAVAL RESEARCH

VA

L
Contract N00Ol4-78-C-0592

Task No. NR 051-693 i

TECHNICAL REPORT NO. 15 ¥

THE ELECTROCHEMISTRY OF MANGANESE PHTHALOCYANINE
in NON-AQUEOUS MEDIA H
BY

A.B.P. LEVER*, P.C. MINOR and J.P. WILSHIRE

DTIC
LT
G, MAY 141981

Prepared for Publication

in

C:
2

Inorganic Chemistry

A

York University
Department of Chemistry
Downsview (Toronto)
Ontario M3J-1P3
March 31, 1981

Reproduction in whole or in part is permitted for
any purpose of the United States Government.

This document has been approved for public release
and sale; its distribution is unlimited.




t .,.},......
R Q

FELUNI I T CLASSIFICATION OF THIS PAGE (When Date Entered)

v - INSTRUCTIONS
REPORT DOCUMETATION PAGE ﬂ"%:AEDCO“PLE'ﬂNG FORM
. REPORY NUMBER 3. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
15 AN AI1§012
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
/;J Tt Interim Report --July-Dec.
e :ﬁ)ﬂE‘ELECTROCHEMISTRY OF ﬂANGANESE_fHTHALOCYANINE 1980
~ In EON'QQUEOUS MEDIA . - - S, PERFORMING ORG, REPORT NUMBER
L7~ AuTHYRTe) - ; . CONTRACY OR GRANY NUM
Y _—— = -—7. PR - ) ’
| A.B.P./ Lever®, P.C./Minor awe J.P./Wilshire ' ~"T>Hy— - - - - - ,.
/ Q@ 7 N FeC/ : Qgs NOPO14-78-C-g592
. FERFORMING ORGANIZATION NAME AND ADORESS 5. PROGRAM ELEMENT. PROJECT, TAS PROGRAN ELEMENT. PROJECT. TASK
Department of Chemistry,
York University, 4700 Keele St., Downsview, T e~
(Toronto), Ontario, M3J 1P3. Canada. i —7;,/-/(: curl YES +
11. CONTROLLING OFFICE NAME AND ADDRESS ~ 12. NEPOAT-DAZE | g/
Office of Navai Research : 1 Se 79 = necmg |
800 N. Q - - —
: 20 L
13. SECURITY CLASS. roport)
Unclassified

)i _3__L /];O'a ?_L nu,—gmsc‘mm.——vammwr—

6. DISTRIGUTION STATEMENT (of this Report)

. This document has been approved for public release and sale;

its distribution is unlimited.

E—
17. DISTRIBUTION STATEMENT (ol the abstract anteved in Bleck 20, il dilferent lrem Repert)

P ——————
18. SUPPLEMENTARY NOTES

Prepared for publication in:
INORGANIC CHEMISTRY

19. KEY WORODS (Cantinue on reverse slde if necosoary and idontily by blosk manbec)

ELECTROCHEMISTRY, MANGANESE PHTHALOCYANINES, NON-AQUEOUS SOLVENTS

20. ABSTRACT (Continue on reverse side If necessary and identily by blosk mumber) _

The electrochemical behaviour of manganese(II) phthalocyanine in non-aqueous
solvents is described. Three electron transfer couples are reported. These
correspond to oxidation to manganese(IIl) phthalocyanine and reduction to mono-
and di-anionic ligand complexes of manganese(Il). The identities, including
solvation, of the various species are confirmed via electronic and electron
spin resonance spectroscopy, magnetism, and variable scan rate voltammetry.

R—
DO 'roul 1473 coition oF 1 MOV 8818 ORSOLETR

4an 78 $/N 0103-014- 6601 | ue%‘%‘%ﬁﬁﬁmm
H1aoHa MW

AT I & ¥ ~C RN

|




—

472 :GAN:716:ddc
78u472-608

TECHNICAL REPORT DISTRIBUTION LIST, GEN

Office of Naval Research
Attn: Code 472

€00 North Quincy Street
AvYiyven; Virginia 22217

OXR Branch Office

Attn: Dr. George Sandoz
53¢ S. Clark Street
Cnicago, Illinois 60605
OSR Area Ofifice

Atta: Scientific Dept.
715 Broadway

New York, New York 10003
OXR Vestern Regional Office
1030 Least Green Street
Pasadena, California 91100

ONR Fastern/Central Regional Office
Attn: Dr. L. H. Peeblec
Building 114, Section D \
666 Suomer S:ireet ’
Boston, Massachusetts 02210
Director, Naval Research lLaboratary
Attn: Code 6100
Wastinston, D.C. 20390
The Assistant Secretary
of the Xavy (RE&S)
Department of the Navy
Roour 4E736, Pentagon
washington, D.C. 20350

Conmander, Naval Air Systems Conmand
Attn: Code 310C (M. Rosenwasser)
Department of the Navy

washington, D.C. 20360

rtefesn Technical Information Center

Building 5, Camevon Station
“le . dric, Virginta 22314

Dr. fred 5aalfeld

Chevistry Division, Code 6100
Xaval Research Laboratory
Woshornoton, D.Ce 20375

No.

CoETés

12

U.S. Army Research Office
Attn: CRD~-AA-IP

P.0. Box 1211

Research Triangle Park, N.C. 27709
Naval Ocean Systems Center

Attn: Mr. Joe lMcCartney

San Diego, California 92152

Naval Weapons Center

Attn: Dr. A. B. Amster,
Chemistry Division

China Lake, California 93555

Naval Civil Engineering Laboratory
Attn: Dr. R. W. Drisko
Port Hucnenme, California 93401

Department of Physics & Chemistry
Naval Postgraduate School
Monterey, California 93940

Dr. A. L. Slafkosky

Scientific Advisor

Commandant of the Marine Corps
(Code RD-1)

tashington, N.C. 20380

Office of Naval Research

Attn: Dr. Richard S. Miller

800 N. Quincy Street

Arlington, Virginia 22217

Naval Ship Research and Development
Center

Attn: Dr. G. Bosmajian, Applied
Chemistry Divisjon

Annapolis, Maryland 21401

Naval Ocean Systems Center

Attn: Dr. S. Yamamoto, Marine
Sciences Division

San Diego, California 91232

¥Mr. John Boyle

Materfals Branch

Naval Ship Engineering Center
Philadelphia, Pennsylvania 19112

FANBE LY PRLIPRYEN

No.

Copies

e e e e




.

SP472-3/K13

LR

TECHNTCAL REPORT DISTRIRUTION LIST, 359

M. s, R, Elhs
Chen:stry Department
University of Wisconsin
Midisen, Wisconsin 53706

M. V. Wrighton
Chenistrv Department
Massgchusetts Institute
of Technology
CamLridre, Massachusetts 02139

Lariy ¥. Plew

Wava! Weavcrs Support Center
Code 30734, Building 2906
Crane, Indiana 47522

S duby

DOF (STOR)

Hh00 ¥ Street
vashington, D.C. 20545

Zr. Aarcn VWold

Wrow: Uriversity

Dapartment of Chemistry
Providence, Rhode Island 02192

Dr. K. C. Chudacek
¥cGraw-Edison Company

~uisun batiery Division

Post Office Box 28
Bloomfield, Mew Jersey 07003

N;‘; Bard '
Univer ;W
Depargpt o mistry
Agsfin, Texas 78

Dr. M. M. Nicholson
flectrounics Research Center
Rochwz2ll International

3370 vicaloma Avenue

ciies: .1, valifornia

Dr. Donald W. Ernst

Hava. Suciace Weapons Center
Code R-33

Woer Oak Laboratory

Silver @nring, Marvliand 20910

¥ '

Ro.
Copies

472:GAN:716:ddc
7814 72-608
No.
Copies
Dr, R. P. Van Duyne
Department of Chemistry
Northwestern University
Evanston, Illinois 60201 1
Dr. B. Stanley Pons
Department of Chemistry
University of Alberta
Edmonton, Alberta
CANADA T6C 2G2 1

Dr. Michael J. Weaver
Department of Chemistry
Michigan State University
Fast Lansing, Michigan 48824

Dr. R, David Rauh

EIC Corporation

55 Chapel Street

Newton, Massachusetts 02158

Dr., J. David Margerun

Research Laboratories Division
Hughes Aircraft Company

3011 Malibu Canyon Road
Malibu, California 90265

Or. Martin Fleischmann
Department of Chemistry
University of Southampton
Southampton 509 5NH England

Dr. Janet Ostervoung
Department of Chemistry
State University of New
York at Buffalo
Buffalo, New York 14214

Dr. R, A. Osteryoung
Department of Chemistry
State University of New
York at Ruffalo
Buffalo, New York 14214

Mr, James R. Moden

Naval Underwater Systems
Center

Code 13632

Meynavt o Rhade T<Yand 02840

r
o

I Y pr Ty -i‘—




. , |
SP472-3/A11 472:GAN:716:ddc ;
78u472-608 ,

TECHNICAL REPORT DISTRIBUTION LIST, 359

32. No.
Copies CdETes

Pr. Paul Delahav
Department of Chemistry
New York lUpiversity

Pow Yook, lew York 10003

Dr. E. Yeazer

Department of Chemistry

Case Westa:n Reserve niversitv
Cleveianid, Ohio &1106

Dr. D. N. Bennion

Deparimanrit of Chemical Engineering
Brigham Young Universitv

Provo, Utah 84602

Dr. R. A, Marcus

Department of Chemistry

California Institute of Technology
Pasadena, California 91125

Dr. J. J. Audborn
Bell Laboratories
Murray Hill, New Jersev 07974

DPr. Adam Heller
Bell Laboratories
Murray Hiil, New Jersev 07974

Dr. T. Katan

Lockheed Missiles & Space
Co, Inc.

P.0. Rox 504

funnvvale, California 94088

Dr. Joseph Sineer, Code 302~]
NASA-Lewils

21000 Rrookpark Road
Clevelan?, Dhio 44135

Dr. B. Bruwsmer

“IC Inz:vmoarated

55 Chauwei Street

Tewior o Yaisaachusetts 02158

Libcary

P, R, YMallorv and Company, Inc.
Northu st Industrial Park
Rurlin:!l-n, Massachusetts 01803

Dr. P. J. Hendra
Department of Chemistry
Universitv of Southhampton
Southharmnton S09 5SNH
United Kingdom

Dr. Sam Perone

Department of Chemistry

Purdue University

West Lafayette, Indiana 47907

Dr. Royce W. Murrayv

Department of Chemistry

University of North Carolina
Chapel Hill, Nerth Carolina 27514

Naval Ocean Systems Center
Attn: Technical Library
San Diego, California 92152

Dr, C. F. Mueller
The Electrochemistry Branch
Materials Division, Research

& Technologv department
Naval Surface Weapons Center
White Oak Laboratory
Silver Spring, Maryland 20910

Dr. G. Goodman

Globe-linion Incorporated
5757 North Green Bay Avenue
Milwaukee, Wisconsin 53201

Dr. J. Boechler

Electrochimica Corporation
Attention: Technical Libhrary
2485 Charleston Poad

Mountain View, California 94040

Pr. P. P. Schmidt
Department of Chenmistry
Oakland University
Rochester, Michiran 48063

Dr. H. Richtol

Chemistry Department

Rensselaer Polvtechnic Institute
Troy, Mew York 12181




SP4T72-3/A3

TECHNICAL REPORT DISTRIBUTION LIST, GEN

Dr. Rudolph J. Marcus

Of fice of Naval Research
Scientific Liaison Group
American Embassy

APO San Francisco 96503

Mr. James Kelley
DTNSRDC Code 2803
Annapolis, Maryland 21402

CNTIS GRA&I -%
DTIC TAB

Unonnetince

Accession For ‘
Jurtification — o

Py e e e

A'i‘l"‘t‘ * :‘ "!Z’ﬁ/ 7
&) RN S g a

Avoilr bt ility Cadei,

fuoidl o endjor

N [P S
VY Do) J
Wi } .,‘a-bn.gl
1

1

-,

Al

472:GAN:716:ddc
78u472~608




472-3/A15

I' Losp

Y e weaar s

Dr. R. Nowak

Naval Research Laboratory
Code 6130

Washington, D.C. 20375

Dr. John F. Hoalihan

Shenango Valley Campus
Pennsylvania State University
Sharon, Pennsylvaniaz 16146

Dr. M. G. Sceats
Department of Chemistry
University of Rochester
Rochester, New York 14627

Dr. D. F. Shriver
Department of Chemistry
Northwestern University
Evanston, Illinois 60201

Dr. D. H., Whitmore

Department of Materials Science
Northwestern University
Evanston, Illinois 60201

Dr. Alan Bewick
Department of Chemistry
The University

caw s www

78u472-608
TECHNICAL REPORT DISTRIBUTION LIST, 359
No. No.
Coptes Copies
Dr. John Kincaid 1
Department of the Navy
Stategic Systems Project Office
1 Room 901 )
Washington, DC 20376
M. L. Robertson
Manager, Electrochemical
1 Power Sonices Division
Naval Weapons Support Center
Crane, Indiana 47522 1
Dr. Elton Cairns
1 Energy & Environment Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720 1
1 Dr. Bernard Spielvogel
U.S. Army Research Office
P.0. Box 12211
Research Triangle Park, NC 27709 1
1 Dr. Denton Elliott
Air Force Office of
Scientific Research
Bldg. 104
Bolling AFB
I Washington, DC 20332 1

Southampton, S09 S5NH England

Dr. A. Himy

NAVSEA-5433

NC #4

2541 Jefferson Davis Highway
Arlington, Virginia 20362




-1-

Contribution froam the Tept., of Chenmistry, i

York University, 4700 teele St., Downsview

(Toronto), Gntario, Canada i"3J 1P3, :
The Electrochenistry of t'angancese Phthalocyanine

in ""on=-Aqueous icdia

oy AL P.Lavers, P C.iliror ard J.2.0ilshire

%

weceived Octobder 1st 1540 5
|

Abstract !

‘Thc clectrochemical behaviour of mangarese(ll) phthalocyanire ;
{issolved in pyridine, dimethylsulfoxide, or dinethylacetamide s H

w

reported, in the priosence of perchlorate, chloride and bronide |
supporting electrolye anions, Tlectron transfer . couples ;
representing net oxidation of mangoanese, and of the phthalocyanine }

ring, ond two ret reductiors of the phthaleocyanine rire  are
characterised by a ranse of electreachemical  techriaues, with
coshasis on cyclic voltasaetry, Yeotero'encnns rate  carstarts are

reported for scveral  of  these counles i the areseonce nf

perchlorate fon, All tle couples show clese to  ideal reversible
bhohaviour except at Ligslier scan rates for chloride and bromide as

suvpourting electrolyte aniors, vhere sone dJdeviation is cobserved,

Tliis systea does not exhibit such sensitivity to ervironment as was

wreviously ohserved vith iron phthalocyanine,

)
é
]
]
i
]
4
]
r
Iii.n-.x . L P e ahes
. e — — dtinadkibiinginidm o L L




Introduction
liccent studics have clearly established the involvement of margéarcse

ince the prccess

w)

in the photosynthetic production of oxygenl.
requires several oxidising equivalents of chlorophyll, whose ratical
cation wultiimately effects oxifation of the nanzancse site, the
cnargetics of manganese redox processes are of sirmgular  importarce?.
w¢ have thercfore exter led our studiecs of metal phthalocyanires3, b , ort
those of others5-9 to ircluide redox potentials, products and electror
transfer Kinetics of Pcli'n(l1)k,

we report here the oxiidation of Pein(ll) to Pchin(lll), lirard
oxidation of the latter, and tuo successive one electron reductiors of
the foriver, Differertial pulse, and pulse polarography, cyclic
voltannetry, cortrolled potential coulonetry, electronic spectroscopy

wagnetism and esr are gpresernted to characterise the products.

cxperimental

Preparation and purification of Petn(il), solvents and supportirg
clectrolyte have been previously describedl,4,10,. Argon L as,
dcexyzenated and dried, was eaployed to purgze the solutiors. Platirunm,
langing nercury drop, and dreopping mercury electrodes were used irn
conjunction wvith Princeton Ajpliced Research models 173, 1744, 175 and
176 , a YUUu2A X-Y recordcer, end a Tektronix 51031 storare oscilloscare
i electrochenical studfies. All voltages are referred to commercial
silver-silver chloride or saturated calomel electrodes fitted itk

Lupgin capillaries. The wvoltepzes reported htere are corrected to A

saturcted calomel electrode whose potential was wonitored from time tn

e




1
i
1
J
|
}
3

time against the ferrocene/ferrocenium couple, Flecctroiic spectra were
recorded with a Varian Cary 14 or Perkin-Elmer-Hitachi model PE-340
uv/vis/nir micro-processor spectroneter, llagnetic measurements were
obtained in solution by the Svans methodl1-13 wusing a Varian E'-360 rmr
spectrometer. Esr spectra were observed with a Varian FE-4 spectrometer,
calibrated with UPPH as external calibrant, jn frozen solution.
Results and Liscussion

Four electron transfer steps lyirg between +1,0 and -1,9V (vs sce)
were observed using continuous scan voltammetry (Fig.l)., They reprcsent
two net oxidations and two ret reductions of the bulk solutior, This is

similar to our experience with PcFe(ll1)3b which exhibits one oxidation

and two reduction waves in the sane region, Farlier authorsb who
studied polarosrams of electrochenically gererated (Pctn)- were unable
to obtain rcproducible rcesults in the repion 0 - =1.4V, e did not

investigate waves reported by Clack and  lushb at potentials more
cathodic tharn -1,9V,

The potentials of the three couples between 0 and -1,9V were
obtained under a variety of solvent and electrolyte combinatiors by
three electrode cyclic voltarmictry on platinum electrodes (E° = (F +

Pa
Epc)/Z ) and are susmarised in Table 1, The values of E© , so reported
froa slow speced scans , are esscntially irdependent of scan rate excent
in the presence of kalogsen supporting electrolyte anion. The values of
Epa - Epc obtaired at the diffusion limit (10 mV/s scan rate) were, in
cach case, within a few millivolts: of ideality. Polarogrephs vwvere
obtrained at this, or a lewer, scan rate, for sonxe of the electror

trarsfer couples. Diffcrential pulse polarograms (at 1 m//s scan rate,

BRI T e
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@modulation voltaze 25 W =-p) vere also recorded and EB/L - F1/4
determined, !Half-wave potentials from the various methods agreed within
501V, VYailues of r = 1 (3 1U%) (n is the npumber of clectrons involved ir

the electron transfer step) for the first and second reduction steps
were confirmed by threce electrode coulometry enploying a platinum mesh

clectrode, >Studies at hijzher scan rates rave valucs of Ep R %, . 5 R
a c

é ip (anodic and cathodic peak potentials and currents respectivef&) !

| wnich woere subseqguently onalysed by the =ethods of Micholson and i

stainly, This identified deviations from reversibility arisirg from i;

electron transfer kinetics ar cnupled chemical reactions. Internal cell {

resistance was conpensated electronically, }

!

¢

First oxidation - Pc(-2)un(lII)Sé§Pc(-2)Pn(lI)82:u F

As indicated by slow scan rate data and usirg tetraethylammorium !
perchlorate (TEAP) as supporting electrolyte, this couple 1{is rearly
reversible at the diffusion limit in all solvents investigated

indicating little kinetic inhibition from cither slow electron transfer |

or coupled chemical rcactions, Controlled potential electrolysis at
+U. 1V yields a speciecs whose electronic spectrum is characteristic of
typical mononuclear nangatecse{lll) phthalocyanine species reported by
Calvin and co-workerslb’, O this basis we assign the first oxidation
projuct to a Pc(-2)n(l1i) species,

The depenience of the helf-wave potential upon solvent reflects an
itcreased stabilisation of the divalent state with the stronger

courdirating solvents (pyridine > DI'SO > DI'A = DIF) . A similar but =ore

prorounced Jdependence is scer with iron phthalocyanines3. Cobalt(il)




onthalocyanines houcver cxbibit a reversed trend with the more strorgly
Jdonor solvents favourirg cobalt(tltl), The rationale for this varied
behaviour has been presented,l16 The PctinCl ) /Pclin(il) redox
potential also depenis upon the supporting electrolyte with the
trivalent state being favoured by the more strongly coordinating anions
(C1” > Br > Cl%f ). Evidently their coordination to manganese(lll) is
important, This is confiried by their electronic spectra which show a
sarked dependence of the visible () band near 700 nm upon courter
ion.17

Previous studies have shourl,15 that the solid species Pcl'n(lI1)Y
{(vhere X is halogen, hydroxide, acetate etc) are high spin and prohably
five coordinate, In contrast the solution susceptibility of the highly
soluble tetra-t-butylphthalocyanatomanganrese(lil) bydroxide, in
pyridine, corresponis to two unpaired electrons within experimental
error (2.6 5it at room tewmp.) implying low spin d4 manganese(lll) which
is a rare occurrence for macrocyclic ligands, Thus in strorgly
coordinating solvents, manganese(lll) phthalocyanines may be six
coordinate. Similarly,solutions of Pcl'n(11) in coordirnating solvents are
six coordinate and low spin as shown unequivocally by their esr spectre,
typical of low spin 45, & = 1/2 speciers:1§
]

Pc(=2)Ln(11)(LEA), &, = 1.85 7y = 2.16 ‘Au|= 0.0138 [Ali= 0.0048kcm ™~

-1 - 59 . =2.1C = = -1
PCC-2)Iin(HI)(PY), 7, = 1.89 7y =2.16 |[8|= 0.0147 |AL|- 0.00484 cm

Pc(‘Z)f'.n(ll)(la-F.th)2 Ty = 1.3¢ fiy

= 2.17(| 0.01ufFA4 = 0.00475cm™"

Solutions of Pcl.n(ll) ir pyridire yielled a solution masnetic moment of
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1.6 L at room tenmp., confiraing the esr chlaracterisation as a8 low spin

d5 5 = 1/2 ion.

Wit TEAP as supporting electrolyte, !licholson-Shain analysisly is
consistent with previous evidence, The oxidation of Pctn(il) ir
pyridine, and in [30, is quasi-reversible with less than 5% variation

in the unit value of (ipc/ip ) over the rarre of scaen rates nhkserved
(1umV/s - 50 V/s). The funition (in/v% ) is also constant. Trese
observations are corsistent wvith, but do nrot prove that hott
manganese(ll) ard manj;erese(l1l) species are six coerdirate species.
Similar behaviour would be cxpected if ceither species were five
coordinate but rapid solvent exchange was takirz place, Considering the
solution inagnetic Jata, however, it is likely that the oxidation product
is (Pc(-)hin(ti1)s52)7* C]OL- (at least for S = pyridine or DM30)13 .
Rather diffcrent behaviour is observed when the supporting electrolyte
contains broinide or <chloride ion., OSoth anpﬂic and cathodic peak
potentials shift at higher scan speeds consistent with a
quasi-reversible electron transfer with transfer coefficient &« < 0.5.19
There appecars to be a s:nall dependence of £° upon Y~ , though nnot as

marked as was observed in the correcsronling PcFe(l11)/PcFe(ll) electron

trat.sfer step.3

In most solvents, the !iom coordinatirg aniors shift the potential
cathniically relative to iess coordinating ions, consistent with

equilibria (1) and (2).

Pe(-2)ln(11)S &= _gpc(-zn:nmu)sz)_* + e (1)




X- ¢ LPe-DIn(IIDS ) Src(-2)n(I11)X(S)  + S (2)
&

hese equilibria inust reasornably occur, but must be kinetically very
labile since even at the hizhest scan rates there is no evidence for @
cathodic wave corresponding to reduction of the specics
Pec(=2)iin(111)X(S), in contralistinction to the analorfous iron system,3
ieterogzenrous rate constants (kg) for the reversible case with
perchlorate ion as supporting electrolyte 1were obtained from the

relationship:19

Yep,m = %s/ﬁaDo)% (3)

where a = nF(scan rate)/RT, [, is the diffusion conefficient, o tkre
transfer coefficient, & was polarographically determined to be 0.48 and
Ly vias obtained from the Raniles-Sevcik relatiorship. The results,
reporced in Table 2, indicate only a slight dependence of ks_ upon
solvent for the Pc(-2)'n(111)/Pc(-2)n(11) couple (and no dependence for
the reduction couples discussed below). ‘ten chloride or bromide are
uscd as electrolyte aniors, the coupled reactions (1) and (2) occur and
the expression for the peak potential 'must contain equilibrium constant
data for equ.(2), Sirnce our date o rot clearly distirguish a
quasi-reversible electron transfer from an £C nechanism, we do not
attept to calculate ratc constants in the presence of chloride and
hroaide iors.,

liovdever since a negligible loviation of 8Ep from the ideal 59 mV :was

nbserve:!! at low scan rates vith all solvent-electrolyte combiratines it

-

P -
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is probable that the kg values do not differ siznificantly from those
reported for the perchlorate arion solutiors. Thus a strong Fn-X bond
is not especially rate limiting where both Pcl'n(11) and Pct'n(ll11l) are
six coordinate.

gy .omparison, when five and six coordination are possible, the
conditions dictating different sfecometries for rach oxidation state can
provide a Kinetic barrier for the regox process. In a study of the
analogous TPPHIN(IIL)CY (TPP = tetraphenylporphyrin) Kadisk and
co-workers20 found that addition of imidazole to methylene <ckloride
solutiors vielded a six cocrdirate "n(lll) species and an out-of-plane
five couordinate inanganese(l!l) species. There was a three order of
Magnitude electron transfer rate reduction for the imidazole adduct
rclative to the chloride. Our results are consistent with Kadish's
conclusion that metal movemnent with respect to the equatorial ligand,
rather than axial bond breakage , is rate limiting. The effect of spin
state change upon electron transfer rates in these manganese systems
resains undetermined since Pclin and TPPMn are low and high spin
respectively in both their +2 and +3 oxidation states.

Second oxidation - Pc(-l)rn(lII)§;7PC(-2)Hn(III)S;

The second oxi:lation wvave vas ohservable only in UOMF  Jue to the
sparing solubility of the parent species and relatively high solvent
oxidation currents ir all other media irvestirated, When observed in
rigorously dry LIF at nolderate scan rates (0.2 - 2,0 V/s) cathodic and
anodic waves were scen at an average Eo of 0.870Y. Although coulametric
n values were within ranse of unity (n =1.,28 & &% over six runs) , ro

stable species was obtaired! by controlled potertial oxidation, Since




the species on the clectrede prior to oxidation is Pc(=2)In(111)S. , tre
. 74 +4+
probable oxidation protucts are Pec(-1)1'rni(1 1)) or Pe(=2)'n(1Y)
(neglecting solvent coerdirnation)., Although the latter cannnot be
entirely excluded, wve prefer the former on the basis that the vnltare
separation between this couple and the first ligand reductior counle
(see be{ow) is 1.3V, This is in excellent agrcement with the eaverare
voltage separation (1.5&tV) eobserved between rirg oxidation and reductior
in a series of main zroup wetallophthalocyanines22 where no ambigpuity

exists.

First reduction = Pc(=2)in(11)S, /Pc(=3)i'n(11)5,

Earlier work by Clack and ‘lush® mentions the irtermittent
appearance of two waves at -0,755 and -1.008Y. Our studies show the
forimer wave under all coniitiors, but the latter 1is seen only ir
inadequately purged solutionns, The former wave shows almost no
clectrolyte anion depenience and a rather small solvent deperdence ( <«
.1Y, sce Table 1) . This comparative irsensitivity to cnvirorment is a
strong clue to the nature of the proiuct, wvhich mnust either involve
reduction of the metal to Pc(-2)Hn(l;.or reduction of the ligand to
Pc('S)hn(||;: Our rarlicr studies with the Fc(=2)Fe(111)/P(=-2)Felll)
couples reflect a stabilisation of low spin 46 Pc(-2)Fe(I|)S2 <hich
results in a > 0.7V variation in potential for the solvents studied
here. This was ascrited to back Joration by the ifron(l1l) species beirg
enhanced by the stror:er foror axial ligands, |If I'n(l) , expected to be

low spin d6, is profuced during this reduction, a significant solvent

cffect for this ifon, uhkich should be an effective pi donor to Pc, is
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anticipated. liorcover vhern the electrochenical solutior is saturated
with carbon monoxide, no shift in potentials is scen from which we may
conclude that this reduced snecics Joes not recact with carbon monoxide,
A mangancse(l) species would be expected to react with carbon monoxide
in parallel with the chemistry of the isoelectronic Fe(ll) and Ru(ll)
ohthalocyanires. The ahsence of a strong solvent effect and of reaction
with carbon monoxide, argues forcefully for the first reduction product
to involve rejuction of the phthalocyanire ring.

Although no esr spectrum was observed with this species, this fact
lends no support to e!ther assignment since ecven-electron systems are
often esr iractive. The elecironic spectrum of the reluced soluticr,
first reported by Clack and co-workers2l is more enlightening,
Alcthough the Q band absorption for Pc(-2)'n(1l) is blue shifted with
respect to that of Pc(-2)1ind!ii)Cl the shift (50 mm) is small and
reflects greater repulsion between netal eg(pi). and phthalocyanire
eg(pi*) orbitals in the f{ormer species, The monoanion , hovever,
exhibits a Q band blue shift of grcater than 130 nm placing it in the
same spectroscopic region as other metallophthalocyanine anion radical

specices which have been urasbijpuously identified2l Similarly the
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extinction coefficicits for the visible resinn transitions are smaller,

by morce thon an ordcr of aenitude, than these observed for othker
whithalocyanine(-2) s;eciesiu . Finally the separation betwecen the
purported ligand oxidation arnd reduction is within the rcnge obscrved
vith other main group and transition metallophthalocyanines22. Since
the metal remains bivalent and the electrochenistry is fully reversible,

ve assune that two solvent inolecules ramair. coordirated,

second leduction Pc(-S)fn(llﬂg/Pc(-h)Hn(ll)Sz
In this case reductiorn could yield Pc(-i)bn(})=nr Pc(-h)rn(ll)? os
the wost probeble productsf Tte potentials for this courle (Table 1)
irdicate mirnimal solvent and clectrolyte depenﬁgkce arsuirg strongly for
li;;und rather than wnctal reduction as discussed above, Al thoughk
rolarogrephic results reflected the essential reversibility of this

couple, cyclic voltamactry dota vere often rendercd unreliable by high

solvent backaground, especially at hisk scan rates, A HNicholsor-3tain
analysis was therefore not performed.

The electrnchennically proluced double rcduction product has an
clectronic spectrumn similar to that of its iono-anionic parent, in tFrat
the .} band energies arec of relatively high erergy ond low intersity.
The esr spectrum of the di-anion is similar to that obscrved for ttre
di-anion of TsPcl.n (TsPc = tetrasulfonated phthalocyanire) which has
been previously assizne.d as 47 TsPc(-2)t'n(0).23 were this
ckarccterisetion corrcct its esr spectrum should have Zn and ) valuers
coid.arable to the electronically eralezous Pc(=-2)Co(l1) arnd Pc(-2)Fe(l),
we vould also anticipate that such a species should exhibit narted
solvent dependence ir koth its esr spectrun and its elcctrocheristry

Lecause of the prescnce of an  unpaired electron ir thke 22 orbital,
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Irndeed it is most likely to bhe five coordinate (low spin d7, cf
2e{=-2)Fe(l)33b ) . The esr spectrua of the di-anion is in fact very
svinn lar to that of the six coordinate low spir dE Pc(-2)'n(11)
precursor. The rceversibility observed irn the electrochemistry of this
spwec.es and the ahsence of any following reactiorn leads us to assume
«.at the coordiratior number probhably remainrs six vith two coordirated
soivent molecules. The species is thurcfore assizned as Pc(-4)'r(11)S,,
Conclusions: Within the range studied, the marrganese phthalocyanine
system gives rise to the species Pc(-l)ﬂn(lll)32++, Pc(=2)I'n(111)S+,
Pe(=Din(11)S 5, Pc(-B)Ln(II)SE and Pc(-h)nn(ll)szi where in the case of
thie anganese(l11) specics, a solvent molecvile may be displaced by an
enion X. o cvidence of manganese(l) was observed in distinction to the
iron and cobalt scries3,17 The electron transfer rates of the Pchn(ll)
icctron transfer steps are similar in imagnitude to these usually found
it analogous porphyrin series2h . ULnlike TPPIIn(111)C1 towever, the rate
is ot profoundly changed by either choicé of anion or coordiratire
vigunias, The Pc(=2)Mn(1E1)/Pc(=-2)tn(11) couple appears at a slirshbtly
wore anodic potential than in the porphyrin series. [Feductior of ttre
phthclocyanine ring nowever, to form Pc(-S)Kn(ll)S; eppcars 0.5 - 0.8V
avodic of the corresponding porphyrin reductior2s These trerds oare
cotsistent with carlicr views of the comparative electrochemistry of
rorphyrins and phthalocyanires3, 26. Tkis comparison illustrates the
varietion in ccordination electronic and ;cometric structure accessible
v:ichin the L”L class of con.ounds ond its effect upon electrochemical

vroperties.,
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cneous hate Constents kS (ca/s)

An i) /e (=23 ndlr)  Pe(=2)tn (i) /P31 (0 L)

2.9 x 10-3 €.& x 10-3
5.6 x 10-3 6.7 x 10-3
6.8 x 10-3 7.1 x 10-3
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Tigure legends

P 'g.1 Cyclic voltamncgram of Fel(II) dissolved in dimezthylformsmide containing

Tetraethylammonium perchlorste as supporting electrolyts. The scan rate

is 50 mV/s.

:-3.2 Nicholson-Shain analytical plots for the (Py)CMn(III)Pc(-2) / (Py)zMn(II)Pc(-z)

~ple in pyridine contéining 1ithium chloride as supporting electrolyte.




s

JOvVLIOoAN
g/ o/~ G0- o ("N o
T [ _ I 1

CEmereSee - A ek o~ e [N - - e . — -~

ANIHYNO




5
ronh
| Epa
:\l,. Y ’.)3‘ ® “l
4 A '%,f
l” y ~ i
0 j ,\,:'/
2 TIUGz . j
i
£
= |
-J) (. -
‘ Epc E
' |
/1.2~
fo, ]
< \ ;
3 ,= g
PR — o N ©
' | l |
? 10-1 109 10/
Scan RPate in volls/sec




